Introduction {#sec1-1}
============

"Tai Chi" is an exercise system that may increase physical strength and relax the mind (Tsang et al., 2008), and so may be useful for alleviating stress. It is known that the practice of "tai chi" dates back to 13th century and has been exercised by the Chinese for the promotion and maintenance of health and longevity (Zhuo, 1982 and Koh, 1981). Many reviews have attempted to explore the useful effects of "tai chi" on some health dimensions (Adams, 2004 and Kuramoto, 2006), including decreased blood pressure (Yeh et al., 2008), aerobic capacity (Lee et al., 2009), psychosocial wellbeing (Wang et al., 2009), and psychological wellbeing (Wang et al., 2010).

Oxidative stress indicates an imbalance between oxidation and antioxidation, resulting in neutrophil inflammatory infiltration, increasing protease secretion, causing in a large number of oxidized intermediate products. This adverse condition may lead to damage of all cellular components, including proteins, lipids, carbohydrates, and nucleic acids (Valko et al, 2007).

In the study, we evaluate effect of "tai chi" exercise on oxidative stress and immunity function in middle aged people.

Participants and Methods {#sec2-1}
------------------------

### Interventions {#sec3-1}

In March 2014, 50 participants (27 men, 23 women, age between 40-45 years old) were recruited in shengzhen city, china. They were asked to give up all bad habits, e.g. smoking, drinking. These participants were randomly divided into two groups: "tai chi" exercise group (n=25) and control group (n=25). The participants in the "tai chi" group (2-5) performed "tai chi" exercise for 1 h every day. The "tai chi" program was developed by two "tai chi" experts. The participants in the control group (1) didn't perform "tai chi". The exercise lasts for half a year.

In October 2014, blood was taken from all participants. Plasma was aliquoted, frozen, stored at -70 °C and freshly thawed prior to use.

Biochemical Analysis {#sec2-2}
--------------------

MDA, GSH, SOD, CAT, GSH-Px in blood were analysed using commercially available kits (GBCBIO company, Guangzhou, China). The concentration of the cytokines such as TNF-α and IL-2 were measured using commercial ELISA kits from BD Biosciences, USA

Concentration of total IgM, IgA and IgG in plasma was measured nephelometrically using the analyzers IMMAGE 800 (Beckman, Brea, CA, USA) and BNII (Dade Behring, Marburg, Germany). The results are stated in g/l.

Statistical Analysis {#sec2-3}
--------------------

Values are represented as mean ± standard error (SE). Entire analysis was conducted using SPSS 15 software. The *p* value of \<0.05 was considered significant.

Results {#sec1-2}
=======

The antioxidant indexes, blood MDA, GSH, SOD, CAT and GSH-Px levels, were assayed. Results showed that blood MDA levels were significantly decreased (*P* \< 0.05, *P* \< 0.01) in "tai chi" exercise group compared to the control group ([Table 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}). GSH, SOD, CAT, GSH-Px activities in blood of "tai chi" exercise group significantly higher increased (*P* \<0.05, P\<0.01) compared to the control group ([Table 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}). This effect is displayed in a time-dependent manner.

###### 

Effect of "tai chi" exercise on blood MDA and GSH levels in participants

  group         MDA                                           GSH                                              
  ------------- --------------------------------------------- ------------------------------------------------ ---------------------------------------------
  control       4.25±0.35                                     121.53±9.56                                      
  \"tai chi\"   2 months                                      4.01±0.29                                        136.26±8.35[\*](#t1f1){ref-type="table-fn"}
  4 months      3.48±0.22[\*](#t1f1){ref-type="table-fn"}     144.92±10.25[\*\*](#t1f2){ref-type="table-fn"}   
  6 months      2.94±0.19[\*\*](#t1f2){ref-type="table-fn"}   152.97±11.42[\*\*](#t1f2){ref-type="table-fn"}   

P\<0.05,

P\<0.01, compared with control.

###### 

Effect of "tai chi" exercise on blood SOD, CAT and GSH-Px activities in participants

  group         SOD (U/ml)                                       CAT (U/ml)                                       GSH-Px (U/ml)                                  
  ------------- ------------------------------------------------ ------------------------------------------------ ---------------------------------------------- --------------------------------------------
  control       215.46±20.83                                     38.57±2.64                                       47.37±2.46                                     
  \"tai chi\"   2 months                                         228.69±24.88[\*\*](#t2f1){ref-type="table-fn"}   47.36±2.95[\*\*](#t2f1){ref-type="table-fn"}   55.37±3.31[\*](#t2f1){ref-type="table-fn"}
  4 months      241.14±31.07[\*\*](#t2f1){ref-type="table-fn"}   56.13±4.13[\*\*](#t2f1){ref-type="table-fn"}     64.85±4.27[\*\*](#t2f1){ref-type="table-fn"}   
  6 months      249.63±33.11[\*\*](#t2f1){ref-type="table-fn"}   61.49±4.82[\*\*](#t2f1){ref-type="table-fn"}     72.25±5.07[\*\*](#t2f1){ref-type="table-fn"}   

P\<0.05,

P\<0.01, compared with group 1.

Blood TNF-α and IL-2 levels in participants were shown in [Table 2](#T2){ref-type="table"}. The blood TNF-α and IL-2 levels did not varied significantly between "tai chi" exercise group and control group.

Blood immunoglobulin (IgA, IgG and IgM) levels in participants were shown in [Table 3](#T3){ref-type="table"}. The Blood IgA, IgG and IgM levels varied significantly between tai chi exercise group and control group. It can be observed that blood IgA, IgG and IgM levels increased significantly in tai chi exercise group with increasing exercise time.

###### 

Effect of "tai chi" exercise on blood TNF-α and IL-2 levels in participants

  group         TNF-α (pg/ml)   IL-2 (pg/ml)    
  ------------- --------------- --------------- ---------------
  control       20.58±3.06      894.15±96.15    
  \"tai chi\"   2 months        23.14±2.95      890.68±105.28
  4 months      22.53±2.75      899.45±89.58    
  6 months      21.63±2.93      902.52±121.65   

###### 

Effect of "tai chi" exercise on blood IgA, IgM and IgG levels in participants

  group         IgA                                           IgG                                            IgM                                           
  ------------- --------------------------------------------- ---------------------------------------------- --------------------------------------------- -------------------------------------------
  control       3.27±0.13                                     11.49±0.95                                     1.17±0.09                                     
  \"tai chi\"   2 months                                      4.16±0.18[\*](#t4f1){ref-type="table-fn"}      13.25±0.78                                    1.83±0.08[\*](#t4f1){ref-type="table-fn"}
  4 months      4.42±0.21[\*\*](#t4f2){ref-type="table-fn"}   14.83±0.88[\*](#t4f1){ref-type="table-fn"}     2.41±0.14[\*\*](#t4f2){ref-type="table-fn"}   
  6 months      4.85±0.25[\*\*](#t4f2){ref-type="table-fn"}   15.49±1.27[\*\*](#t4f2){ref-type="table-fn"}   2.96±0.18[\*\*](#t4f2){ref-type="table-fn"}   

P\<0.05,

P\<0.01, compared with control.

Discussion {#sec1-3}
==========

The results showed that the participants who performed the "tai chi" exercise program had less oxidative stress as measured 2, 4 and 6 months after starting the "tai chi" program. In addition, antioxidant enzymes activities in participants who performed tai chi exercise continuously increased with prolonged exercise time. The intensity of "tai chi" is closely related to its training style, posture, and duration (Lan et al., 2013). Catastrophe theory of muscular fatigue shows that the fatigue can happen in any links from the cerebral cortex excitement to the contractile proteins of the skeletal muscle (Nguyen et al, 2016).

As the body does exercise, about 2% O~2~ of the body intake is transform into the superoxide anion FR in the way of one-electron reduction, and the oxidative stress is increased (Simmons, 1984).

Our results showed that the participants doing light-intensity exercise could keep their physical function and reduce oxidative stress during exercise. This finding is in agreement with previous studies (Mendoza-Núñez et al, 2014).

TNF-α is a cytokine that can directly kill tumor cells without obvious toxicity to normal cells. It is one of the most important biological active factors to directly kill the tumor (Tanaka et al, 2016).

Interleukin-2 (IL-2), a cytokine, with wide range of biological activities, is mainly produced by activated CD4+Th1 cells and can promote the proliferation of Th0 and CTL. It also involves into antibody response, hematopoiesis and tumor surveillance (Leventhal et al, 2016).

In our current study, we found no significant differences in the blood TNF-α and IL-2 between the control and "tai chi" groups in our study. This result implies that six months of "tai chi" exercise could not decrease blood TNF-α and IL-2 levels in the human body.

Serum immunoglobulins levels are determined routinely in clinical practice because they provide key information on the humoral immune status. Immunoglobulins production is prototypical function of B cells, and immunoglobulins has important roles in multiple inflammatory diseases including lupus, rheumatoid arthritis and atherosclerosis (Zhang et al, 2015; Tsiantoulas et al, 2014; Feist & Steiner, 2014), and now T2D is also considered as an inflammatory disease (Donath & Shoelson, 2011).

In our current study, tai chi exercise significantly enhanced blood immunoglobulin (IgA, IgG and IgM) levels in participants. Moreover, the effect became better with prolonged exercise time. This indicates that tai chi exercise can improve immunity function in participants.

In conclusion, tai chi exercise can enhance blood antioxidant enzymes activities, and improve immunity function in participants.
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